Backgrounds/Aims: Postoperative diaphragmatic hernia, following liver resection, is a rare complication. Methods: Data of patients who underwent major hepatectomy for liver tumors, between 2011 and 2015 were retrospectively reviewed. The literature was searched for studies reporting the occurrence of diaphragmatic hernia following liver resection. Results: Diaphragmatic hernia developed in 2.3% of patients (3/131) with a median delay of 14 months (4-31 months). One patient underwent emergency laparotomy for bowel obstruction and two patients underwent elective diaphragmatic hernia repair. At last follow-up, no recurrences were observed. Fourteen studies including 28 patients were identified in the literature search (donor hepatectomy, n=11: hepatectomy for liver tumors, n=17). Diaphragmatic hernia was repaired emergently in 42.9% of cases and digestive resection was necessary in 28.5% of the cases. One patient died 3 months after hepatectomy, secondary to sepsis, from a segment of small bowel that perforated into the diaphragmatic hernia. Conclusions: Although rare, diaphragmatic hernia should be considered as an important complication, especially in living donor liver transplant patients. Diaphragmatic hernia should be repaired surgically, even for asymptomatic patients. 
INTRODUCTION
Right-sided major liver resection (LR) is considered a technically complex liver resection. 1, 2 The right liver mobilization from the diaphragm may be cumbersome particularly, for tumors with invasion or severe adhesion of the diaphragm. This may lead to en-bloc resection of the diaphragm or diaphragm opening, when technical difficulty is encountered during right liver mobilization.
Diaphragmatic hernia (DH) is a rare complication following LR. After right-sided major LR, the large surface area of the right diaphragm previously covered by the right liver allows the right colon and small bowel to migrate into the infra-diaphragmatic fossa. Traumatic diaphragmatic defect and diaphragm resection have been described as risk factors for DH. 3, 4 DH are classified as congenital and acquired. Congenital DH results from abnormal development of the diaphragm during embryogenesis and is symptomatic, during the first day of life. 5 Acquired DH is often traumatic in origin (blunt or penetrating injury), with an incidence ranging from 2.6% to 3.7%. 3 DH has been rarely reported after LR. The literature review revealed 18 cases and 10 cases of DH following LR, for liver tumors and in the setting of living liver donor, respectively. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The aim of this study was to report our experience, to review the literature, and to explore the underlying potential mechanisms of DH in the setting of LR for tumors. After discharge, all patients were followed with a classic screening protocol including a thoracic and abdominal computed tomography, routine biological tests, and tumor markers every 3 months during the first 24 months, and then every 6 months during the following years. 
MATERIALS AND METHODS

RESULTS
Incidence, circumstances, and delay of DH after LR During the study period, the incidence of DH following right-sided major LR was 2.3% ( (Table 1) .
DH was diagnosed in 3 (2.3%) patients with a median delay of 14 months (4-31 months), from the hepatectomy ( 
Literature review
The flow chart of studies identification and inclusion/exclusion process is shown in Fig. 3 . A total of 14 articles were found eligible for this systematic review. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Indications of LR: The selected studies included 6 case reports, 6 Digestive resection was performed in 8 (28.5%) cases including small bowel resection in 3 cases (10.7%), colon resection in 3 cases (10.7%), appendix resection in 1 case (3.6%), and gastric resection in 1 case (3.6%). As for the diaphragm repair technique, an interrupted suture without mesh was performed in 71.4% (20/28) of the cases. In 17.8% (5/28) of the cases, DH was repaired using a mesh.
Of these 5 patients, 2 patients (7.1%) had a non-absorb- n/a n/a n/a n/a(2) + Colon resection (1) n/a n/a n/a 2011, R.A. Dieter Elective (7), Emergent (2) Laparotomy (7), Laparoscopy(1), Thoracotomy (1) None(8), Recurrence (1) able mesh. In the remaining 3 cases, data was not available regarding the type of mesh applied. One patient experienced a DH recurrence, which was treated with a mesh using a thoracic approach.
DISCUSSION
The aim of this study was to provide an overview of the incidence as well as to suggest potential mechanisms of DH after right-sided major LR. Two results should be emphasized.
First, in our experience, the incidence of postoperative DH following right-sided major LR was 2.3%. Second, DH may occur even after right hepatectomy, which does not require diaphragm resection or opening, and in patients with uneventful postoperative course.
This study confirmed that the incidence of this complication is low (2.3%), which is consistent with that of the literature in the setting of LR for tumors (1.1%-6.2%) and in living donor hepatectomy (0.6%-2.3%). In our experience, this complication was not associated with mortality.
However, in the literature review (Table 1) , 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] one patient died 3 months after hepatectomy, secondary to sepsis from a segment of small bowel that perforated into the DH. 13 This suggests that even though this complication is rare, it should be repaired surgically, even for asymptomatic patients.
This study showed that DH occurred with a median delay of 14 months. This was earlier than reported in the literature (19 months) . Despite the screening protocol including computed tomography scans every 3 months during the first 24 months, and every 6 months for the following years, the diagnosis of the diaphragmatic hernia was delayed. In three cases, the hernia was evident on imaging, only at that specific time.
In the case of diaphragmatic repair, several surgical (1) Elective (2) Emergent (1) Laparotomy ( 18 In our experience, this bipolar irrigated sealer was used for hemostasis of the diaphragmatic attachments of the right triangular ligament in the last 2 cases.
However, studies with more patients are needed to confirm this assumption.
Abdominal (laparoscopic or laparotomy), thoracic, or a combined approach may be used, depending upon the preference of the surgeon, the anatomic location of the defect, and the degree of infra-diaphragmatic adhesions. A thoracic approach might be easier to treat recurrent diaphragmatic hernia, following previous abdominal repair.
In conclusion, despite the increasing technical complexity of LR and new surgical devices used for hemostasis, DH remains a rare complication, following right-sided major resection for liver tumors with an incidence of less than 3%. Tumor burden (size and diaphragm invasion) and technical difficulties (severe adhesion of the right diaphragm, extensive mobilization of the right liver, diaphragm resection, opening or injury) might represent potential causes for DH. Also, thermal surgical devices should be used with caution, when performing right liver mobilization and hemostasis of the diaphragm. A careful follow-up including thoracic and abdominal computed tomography every 3 months, during the first 24 months is advised.
